With a greater appreciation and understanding of reactions to homologous blood transfusion there has been a renewed interest in autologous blood transfusion. The techniques and indications for preoperative banked autologous blood, perioperative haemodilution and recycled salvaged autologous blood transfusion are described. When circumstances permit, autologous blood transfusion is a safe, economical and efficient alternative to homologous blood.
Blood is a precious and perishable commodity. Its availability is taken for granted, although only 2.5070 of the eligible population are regular blood donors. Homologous blood is used by many doctors, with little regard for supply, storage or post transfusion problems. l The suggestion that autologous blood may be a potential answer to these problems is at least 60 years old. Why hasn't autologous blood transfusion "caught on"? Is it a practical proposition? What are the advantages? How should it be practised?
It is indisputable that the safest and bestmatched blood that a person can receive is his own. Autologous blood can be used for part, if not all, of the transfusion needs, for most major elective surgery. Many acute haemorrhagic emergencies can only be effectively managed with homologous blood, but the possibility of using recycled salvaged autologous blood should not be dismissed. In remote communities, where there are no major blood banks, scavenged autologous blood may be life-saving for emergency massive transfusions.
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Autologous blood should complement the use of homologous blood. There is an established need for homologous blood banks to provide blood for emergencies, major elective surgery and blood component therapy. In turn, it is likely that autologous blood banks will only be successfully introduced into Australia if they are managed by Red Cross and there is greater co-operation between clinicians, blood banks and hospitals.
It is time for clinicians to ask the question "What is the safest blood transfusion for my patient?" It is accepted that a safe transfusion must provide, without untoward reaction, a specific and effective component having a reasonably normal physiological survival in the patient. In addition, it must neither transmit disease nor jeopardise the safety of future transfusions. 2 It is a sobering thought that clinicians using homologous blood are unable to guarantee any of the four elements in this definition and the majority are unaware of what risks they in fact take in using stored homologous blood.
Few physicians understand or question as much about homologous blood transfusion as they do about other therapeutic modalities they use. As Wintrobe 3 has stated well, "blood, like any other therapeutic agent has a therapeutic index". A recent stud y4 describes the Anaesthesia and Intensive Care, Vu/. VIII, Nu. 2, May, 1980 experiences with cardio-pulmonary bypass surgery in over 500 lehovah's Witnesses. Their results confirm that surgery can be safely performed without blood transfusion and that assumed necessity and benefits of transfusion may need reassessment in the light of our increasing understanding of the hazards.
There are three techniques of autologous transfusion.
I. Preoperative collection and storage. 11. Acute perioperative collection and haemodil ution. Ill. Intraoperative blood scavenging and recycling. Combined techniques, such as preoperative collection and acute perioperative collection and haemodilution are possible. All three techniques have been used for elective surgery. Intraoperative blood scavenging can also be used during emergency surgery.
Intraoperative blood scavenging was first reported by Highmore 5 in 1874 and has been further advocated by many authors since that time. Wilson and Taswe1l 6 have reviewed the literature up to 1968. The first of the two methods of premeditated venesection has been advocated in one form or another since Grant's reporC in 1921. Messmer 8 has been the main advocate of perioperative blood collection and haemodilution. Most of the early reports of autologous blood transfusion occurred during the period in which there were major breakthroughs in the collection, storage and transfusion of homologous blood. The solving of incompatibility and storage problems have made homologous blood transfusion a logistically simple and relatively safe procedure. The ready availability of various blood components quashed most attempts at introducing autologous blood transfusion. Homologous blood transfusion has reigned supreme for reasons of convenience rather than being the safest form of blood transfusion.
Pre-operative collection and storage: banked autologous blood transfusion
The first detailed report on the use of banked autologous blood was by Milles 9 in 1962 where he established a programme at the Chicago State Tuberculosis Hospital. He recommended elective autologous blood transfusion on the basis of its availability, safety and economy. Further encouraging reports on the use of Anaesthesia and Intensive Care, Vol. VIII, No. 2, May, 1980 banked autologous blood have been documented by Garcia and Zamora lo and Corpe and Laing. 11 Ascari l2 and his group described a more complex "piggy back" technique of preoperative autologous blood collection in 1968. Although this method allowed more units of blood to be stored preoperatively, it had the disadvantage of being a rather tedious technique. In 1971, Newman 13 collected large amounts of autologous blood preoperatively (up to 4 units in 10 days), in conjunction with intravenous iron dextran infusion. During the early part of this decade, interest in autologous blood transfusion in the United States was rekindled due to the shortage of homologous blood and the high incidence of post-transfusion hepatitis. In 1971, Milles 9 reported satisfactory results in over 1,000 patients using autologous blood transfusion. Langston et al. 14 were able to meet the majority of their surgical blood needs by preoperative venesection. In 1977, Marmor et al. 15 reported a series of 61 cases of total hip replacement using this approach. The first routine autologous blood bank in Australia was established by one of the authors at the Whyalla Hospital in 1977. 16 The preoperative collection of autologous blood ensures that correctly matched blood is always available for elective surgery. This technique also partly helps avoid the dilemma of the one unit (500 ml) transfusion in which the decision to administer blood is based on difficult borderline indications. Preoperative venesection and iron therapy also has the advantage of priming the marrow to respond more rapidly to further blood loss.
The detractors of this method feel that it is logistically difficult to organise and runs the risk of preoperative anaemia, and they imply that venesection is a dangerous procedure. Although mild anaemia may be associated with the collection of autologous blood, it is rarely to a degree that is likely to impair oxygen transport during anaesthesia and surgery. There is both clinical and experimental evidence to support the belief that anaesthesia is safe provided the patient's haemoglobin is 10 g/l00 ml or greater. It is likely that by lowering the patient's haematocrit, and thus viscosity, the risk of thromboembolism decreases, tissue perfusion increases and the patient's microcirculation improves (vide infra). Nevertheless, a patient with lowered haemoglobin must be carefully monitored throughout his operative and postoperative course. Iron therapy increases haemopoiesis and is recommended. However, there are the well recognised problems associated with iron therapy. For most elective surgical procedures the collection of two units of blood during the 14 days prior to surgery is safe and usually adequate for surgical needs. McKittrick l7 has correctly asserted that the patient who is unable to tolerate phlebotomy of one unit of blood is probably not a suitable candidate for any type of elective surgery. Massive amounts of blood can be collected -5 phlebotomies per week for 22 weeks. 18 
Perioperative autologous blood collection and haemodilution
The technique of perioperative haemodilution has been popularised by Messmer.8 By venesecting the patient prior to or following induction of anaesthesia, the patient's haematocrit is deliberately reduced to a low level to achieve improved microcirculatory flow and a reduction in the number of red cells required for transfusion. When this technique is exploited to its full extent, three to four units of blood may be removed and replaced isovolaemically with a synthetic colloid (Dextran 70), or plasma protein fraction (SPPS) with the patient's haematocrit falling to as low as 30070. In this situation, the cardiac output rises but the heart rate, central venous pressure and mean arterial pressure remain unchanged. Oxygen extraction from haemoglobin is not increased under these conditions and the haemodilution is fully compensated by increased cardiac output. As the patient bleeds intraoperatively he will bleed "dilute" blood, which will be replaced by the autologous units, infusing them in the reverse order of collection from the most dilute to the most concentrated. Messmer using very elegant methods with multi wire platinum electrodes has been able to demonstrate that the tissue PO, is maintained or slightly increased in dogs, during acute normovolaemic haemodilution with Dextran 60. Haemodilution appears to improve oxygen supply as long as the haemotocrit does not fall below 30070 and there is no cardiorespiratory disease present.
Although there are many critics of this approach there is no evidence of its being dangerous if performed in a well monitored and well controlled situation. Conversely, there are theoretical advantages of haemodilution, and proven advantages of avoiding homologous blood, particularly in cases where compatible blood is not obtainable. Reluctance to adopt this approach may relate not to its inherent dangers, but to the inconvenience and time involved in preoperative haemodilution together with the closer monitoring of intraoperative fluid replacement and postoperative fluid balance, that is required as part of this technique.
Intraoperative blood scavenging and recycling
Interest in replacement of blood loss during surgery with a patient's own shed blood, which is certainly no new idea, has waxed and waned over the years. 19 The main obstacle to this method has been the lack of efficient ways of scavenging, anticoagulating and cleansing the shed blood. The Bentley apparatus, which is a modification of the cardiotomy reservoir used in open heart surgery, became popular a few years ago. In this system, blood passes through a filter to remove any particulate matter. However, due to problems of air embolism, this apparatus has been removed from the market. Recently, the Haemonetics Corporation has modified its Model 15 cell washer for use in autologous transfusion. 20 With this apparatus blood is aspirated from the surgical field, anticoagulated with heparanised saline and harvested into a reservoir bag. The salvaged blood is subsequently centrifuged in the haemonetics cell saver, the packed red cells being washed during this procedure and the packed washed red cells being returned intravenously to the patient. This system is safe and efficient and does not appear to be associated with any significant complications. Induction of disseminated intravascular coagulation has always been feared when shed blood has been reinfused, This however does not appear to be a complication associated with the Haemonetics cell saver. In view of the cost and expertise involved in using such a machine for autologous transfusion, it is likely only to be of practical use in surgical units where massive blood loss is a regular occurrence (e.g.
Anaesthesia and flllensil'e Care, Vol. VIII. No. 2, :l4ay, /980 trauma, vascular surgery and ruptured ectopic pregnancies).
Conclusions
Despite the many critics 21 of autologous blood transfusion, there is virtually no literature to support such an attitude in relation to any form of premeditated autologous blood transfusion. It is only in relation to intraoperative blood scavenging that there have been complications. In contrast, there is considerable literature supporting the theoretical advantages of autologous transfusion and haemodilution and a wealth of evidence pointing to the immediate and delayed complications of homologous transfusions.
Such a view has been eloquently expressed by Milles et af. 9 "The failure of the medical profession to embrace this answer to the dangers of homologous blood and to the recurrent shortage of blood bank stocks is due to the imaginary debilitating effect of venesection, inertia, and above all, a lack of repetitious advertising of the only perfect blood for the patient".
